Summary In Bangalore, cancer of the oesophagus is the third most common cancer in males and fourth most common in females with average annual age-adjusted incidence rates of 8.2 and 8.9 per 100 000 respectively. A case-control investigation of cancer of the oesophagus was conducted based on the Population-based cancer registry, Bangalore, India. Three hundred and forty-three cases of cancer of the oesophagus were age and sex matched with twice the number of controls from the same area, but with no evidence of cancer. Chewing with or without tobacco was a significant risk factor. In both sexes chewing was not a risk factor for cancer of the upper third of the oesophagus. Among males, non-tobacco chewing was a significant risk factor for the middle third but not for the other two segments and tobacco chewing was a significant risk factor for the lower third of the oesophagus, but not for the other two segments. Bidi smoking in males was a significant risk factor for all three segments being highest for the upper third, less for the middle third and still less for the lower third. The risk of oesophageal cancer associated with alcohol drinking was significant only for the middle third.
Keywords: oesophageal cancer; tobacco Cancer of the oesophagus is one of the commoner cancers in many regions of the world, although wide variation in incidence rates is observed. According to the most recent volume of Cancer Incidence in Five Continents (Parkin et al., 1992) , females in Bangalore have the highest age-adjusted incidence rate (AAR) of oesophageal cancer in the world, although earlier volumes of the same publication have recorded higher rates in other places (Doll et al., 1970; Waterhouse et al., 1982; Muir et al., 1987) . The AAR of oesophageal cancers among females in other populationbased registries in India is also high, being among the ten highest rates recorded by cancer registries around the world (Parkin et al., 1992) . The AAR of oesophageal cancer in both males and females in Bangalore is more or less the same, being 8.2 and 8.9 per 100 000 respectively. During the past decade a statistically significant increase in the incidence of oesophageal cancer has been observed in both sexes (Nandakumar et al., 1991) .
The association between 'pan' chewing with or without tobacco and oesophageal cancer has been the subject of earlier investigations, as also has 'bidi' smoking (Jussawalla and Deshpande, 1971; Jussawalla, 1971; Paymaster et al., 1973; Rao et al., 1989; IARC, 1985a,b) . The relation between alcohol drinking and oesophageal cancer has also been much studied (Tuyns et al., 1977; IARC, 1988; Notani, 1988; Sankarnarayanan et al., 1991) .
To determine the influence of tobacco (chewing and smoking) and alcohol consumption, in the development of oesophageal cancer, we undertook a case-control investigation. Few analytical studies have considered the risk of oesophageal cancer taking into account the subsite and histomorphology. This has been done in this study. (Nandakumar et al., 1991 .
The registry collects certain core items of patient information, which includes identifying information, duration of stay in place of permanent residence (Bangalore), age, religious group, local language spoken, literacy and marital status. During the first 4 years Because of small numbers certain modifications were made for estimating risks. In males, 12 cases and 15 controls who were predominantly bidi smokers, but who also smoked cigarettes were considered as bidi smokers. Similarly, four cases and three controls who were predominantly cigarette smokers, but who also smoked bidis, were considered cigarette smokers. Among females only two cases and four controls were smokers and a single case gave a history of consumption of alcohol. Therefore, the estimates of risk due to smoking and drinking were not calculated for females. Consequently, owing to small numbers, the ORs for all segments of the oesophagus could not be provided.
Statistical analysis was done by conditioned logistic regression (Breslow and Day, 1980) which accounted for the matched design of the study and gave odds ratio (OR) estimates of relative risks. Ninety-five per cent confidence intervals (CIs) were calculated using the standard error of the regression estimates.
Results
Details of cases and controls are shown in Table I . The mean ages of the cases and controls in each sex was almost the same. Similarly, the relative proportion of cases and controls according to language spoken and place of birth was identical. Controls had a slightly higher proportion of literates (with a comparatively lower proportion of illiterates) compared with cases. The relative proportions of different religious groups showed some variation between cases and controls. This was mainly seen among Christians, who constituted 4.4% of all cases compared with 8% among controls. Estimates of ORs were statistically significant when calculated for both sexes combined (OR=0.5; 95% CI 0.3-0.9) and for females (OR= 0.4; 95% CI 0.2-0.8), but not for males (OR=0.9; 95% CI 0.4-2.0).
The place of birth (OR=1.03; 95% CI 0.8-1.4), a vegetarian or non-vegetarian diet (OR=0.9; 95% CI 0.6-1.1), or the type of staple cereal (P = 0.57) in the diet did not alter the risk of oesophageal cancer. Use of snuff was not a significant risk factor for both males and females. Table II gives the ORs associated with pan and tobacco chewing in both males and females. Chewing either with or without tobacco was associated with an elevated risk of oesophageal cancer in both males and females. A history of swallowing the pan 'quid' showed a slightly higher risk than when it was spat out. This was further examined separately for each sex and tobacco or non-tobacco chewing. In male non-tobacco chewers, risk as a result of swallowing the chewing 'quid' showed a statistically significant elevated OR of 4.4 (95% CI 2.0-10.0) for those who swallowed compared 1307 Since smoking and alcohol drinking was hardly seen among females (cases or controls) or the ORs for that sex do not require adjustment for these factors.
When the parameters of bidi and cigarette smoking, tobacco and non-tobacco chewing and alcohol drinking in males were introduced into a regression model, bidi smoking, tobacco chewing and non-tobacco chewing emerged as significant risk factors (Table IV) .
Table IV also provides OR estimates derived from the model for the above risk factors, separately for each subsite of the oesophagus. Tobacco chewing had the highest OR of 6.6 for the lower third of the oesophagus, whereas there was no significant risk associated with its chewing for cancers of the upper and middle third. On the other hand, non-tobacco chewing had an elevated OR for the middle third of the oesophagus, but a non-significant elevation of OR for the other two segments. Bidi smoking had a significantly elevated risk in all three segments, but had the highest OR for the upper third, followed by the middle third and then the lower third. A test for trend for declining risk associated with bidi smoking from the upper to the lower third of the oesophagus was statistically significant (t=5.54; P<0.001).
Unlike bidi smoking, cigarette smoking did not show a significant increase in risk for any of the segments of the oesophagus or when the entire oesophagus was considered. To test for any interaction between bidi smoking and chewing, these variables were introduced in a multiplicative model for each of the three segments of the oesophagus. Only bidi smoking and non-tobacco chewing on cancer of the middle third of the oesophagus showed a higher OR of 21.8 (95% CI 2.8-172.2; P=0.003), than when these two risk factors were examined independently. None of the other combinations of risk factors gave a higher risk than when examined individually, for any segment of the oesophagus. (Jussawalla and Deshpande, 1971; Jussawalla, 1971; Paymaster et al., 1973; Rao et al., 1989) . Studies in India of the risk of oesophageal cancer associated with alcohol drinking have also been reported (Notani, 1988; Sankarnarayanan et al., 1991) . The present study substantiates these earlier findings and further examines the risks for cancer of each of the three segments of the oesophagus as well as for the different histological types.
Smoking as such, without account of the form (bidi or cigarette), was found to be a risk factor. However, when smoking was separated into 'bidi' and cigarette smoking only bidi smoking turned out to be a significant risk factor. Furthermore, bidi smoking was the only factor that showed a significant elevation in risk for each of the three segments as well as for the entire oesophagus. The higher OR for the upper third may be relevant to the fact that bidi smoking is responsible for cancer of the larynx as well as the pharynx and base of the tongue (Tomatis et al., 1990) . Since bidis are narrower than cigarettes, the stream of smoke that is inhaled is also narrower and perhaps able to travel into the upper digestive tract as well. This would result in direct contact and perhaps damage to the mucous membranes of the digestive tracts, in contrast to cigarette smoke that mainly diffuses into the alveoli and lungs. This may be an explanation for the higher OR owing to bidi smoking that is observed for the upper third of the oesophagus with the risk diminishing for the middle and lower third. Smokers were predominantly bidi rather than cigarette smokers and this low relative proportion of cigarette smokers could be the reason for the absence of any significant elevation in OR for cigarette smoking.
This study confirms earlier reports (Jayant and Yeole, 1987; Paymaster et al., 1973 ) that chewing even without tobacco was a significant risk factor in the aetiology of oesophageal cancer. In the present study, risk due to nontobacco chewing was confined to the middle third of the oesophagus among males. Similarly, tobacco chewing appears to be responsible only for cancer of the lower third segment. Paymaster et al. (1973) examined risks associated with smoking (bidi and cigarette) and chewing (with and without tobacco) for cancers of the different segments of the oesophagus. As in the present study the highest risk was seen for the upper third with a decline in risk for the other two segments. They also found that among males a significant risk due to non-tobacco chewing was seen only for the middle third of the oesophagus. However, unlike this study, the risk estimates due to tobacco chewing were similar to that of bidi smoking, with declining risk for lower segments. It is possible that their risk estimates were not adjusted for smoking and alcohol drinking.
It is difficult to interpret the differences in risk associated with different segments of the oesophagus. A larger sample size, would give a clearer picture. It seems surprising that among females, non-tobacco chewing showed a significant increase in risk for the lower third whereas in males a significant elevated risk was seen only for the middle third. Pan chewing, with or without tobacco, appears to be associated with cancers of the lower third of the oesophagus. The main ingredient of pan when it is chewed without tobacco is areca nut, which possibly interacts with the tobacco of bidi smoke in contributing to risk of cancers of the middle third of the oesophagus.
That alcohol drinking was a significant risk factor for only the middle third of the oesophagus is a new finding of this report. Of additional interest appears to be the increased risk associated with the combination of alcohol drinking and bidi smoking habits on one hand and alcohol drinking and tobacco chewing on the other with substantially higher risk for the middle third segment. Both cases and controls gave a history of consuming mainly the local brands of alcohol. This essentially consists of preparations from extracts of coconut or palm trees and also from molasses. Information on the frequency, quantity consumed and duration of the habit were available, but small numbers did not permit estimation of risk for each segment of the oesophagus.
Cigarette smoking is known to be associated with squamous cell carcinoma rather than adenocarcinoma of the lung. In the present study the risks associated with different combinations of chewing, smoking and alcohol drinking were greater when only squamous cell carcinoma of the oesophagus was considered in the analysis.
The role of diet in the risk of oesophageal cancer in India has been studied (Notani and Jayant, 1987) . The dietary patterns practised in India are complex and vary from region to region and within regions. In the present study we were able to gather information on only the two most prominent aspects -vegetarian or non-vegetarian diet and staple cereal. Neither parameter influenced the risk of oesophageal cancer. It is pertinent to note that a 'non-vegetarian diet' does not usually mean that the individual has such a diet on a daily or regular basis: economic conditions would not permit this for most people. It merely means that these persons do consume meat or other animal products on occasions as opposed to vegetarians who never consume them.
Both cases and controls were from the same residential area and the same hospital and were age and sex matched. The failure to adhere to a strictly population-based study with all cases registered for the period being included or the selection of hospital controls (as opposed to population controls) is unlikely to alter the essential findings of the study, since other factors in design and analysis including the random selection of controls from the pool of potential ones would largely offset any such weaknesses in the study. The numbers of cases for the upper third segment were small and for the same reason the risk associated with a combination of different risk factors among males and dose -response parameters could not be adequately assessed.
This study points to the importance of investigating larger numbers of oesophageal cancer cases by subsites and histological types in relation to risk factors.
